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PS=�� PSRIEHT�E���������O;�JHN� }GI=�!"!$#n=���J&%'!XR T�P�E£;�J�#>NSE�T(!�R)!#EHT>=�E*�MPS;>=+�O;�J�GIG =�T-,HRIT-,�,HE�J�G.!�E*�c?�ACB0/�/�132�4657/�T}PS;>E8!l=�#n=���J&%9!�:HJ�;8<>R PS=
GKJ�N",H=�#nR N�=�� PC?>=@?�RIEHGKJQP�R E�T R.!�=BA'CM=�� PS=�#D1 � 4E5
:<;>R)!£T>E�P�=F#n=�!"� N�R LM=�!-JG!S=�JHN"�O;0� EHN P�;>=H#n=I�
J&%'!������JLKNM J�T(#D�����JOK(P%R TRQK�KS�
EHGIG R.!SR E�T(!3JQP�T UHVW2�X Y�Z :6=�[]\�RqP�;*PS;>=

?�ACB^#n=
PS=�� PSE�N£JQP PS;>= B�=
N" }R GKJ�L*:6=�?QJQPSN�EHT_5�`9<a�O;b#n=I�
J&%'! ;�J&?�= T>EHP3L�=�=
Tc!l=�=
Tb<-C PSE T>Ed\�5}:<;>=F�B<�NSN�=
T�P�<-C-CM=
N£GIRe }R P"! E�T
PS;�=�f�NOJ�T(�O;>RIT-,Hg�JQPSRIEh!0J�N�=�i�j-X(kc2Ij'lnm£EHT =�J��O;�E�� PS;�=o#n=I�
J&%p }E9#>=�!�1 q*465 :<;>=
E�NS=
PSR.�
JHG_C>N�=�#nR.�jP�R E�T(!CJ�N�=£L�=
Pr\F=�=
Ts2�j'lnm£J�Ta#
� X(k02Ij'lNmt1 u*465
:<;>=Hf�N�JHT(�O;>RIT-,vg5JQP�R E8!�wyx�z{� � �HJ}|a|N~3J�N�=�T>E�N� �J�GIR)�
=�# PSEÀPS;>=Hf�NOJ�T(�O;�R T-,vg5J�PSRIE�wyx�z{w �� J�M�P_~yVWz�2�X �hi���j(Xe2h2I~�k

2�j-lN��1 iI465
:<;>=3NS=�GIJ�PSRIEHT(!S;>R)C LM= Pr\�=
=�T¢P�;>=�f�N�JHT(�O;>RIT-,�g5JQP�R E8!�J�T(# PS;>=3T9<- L�=�N5E*��EHL(!S=
N"?H=I# =�?H=
T�P�!<R)!�P�;>=�� EHGIG Ed\�RIT-,a�

���_�d� wox�z�� � � J�|a|N~
���>�d� wox�z{w � J�M�P_~ V�� z�� � � J�|N|a~

� z�w � J�M�P_~
\�;>=�NS=h�

� � R.!�PS;>=3T9<- L�=�N5E*��EHL(!S=
N"?H=I# =�?H=
T�P�!�z�� � � EHN�w � ~B�
� � � z � � ~#R)!FPS;�=�P�E�P�JHG7=B�F� RI=
T(��%�z\P�NSR),�,�=
NI:�N�=��
EHT(!lPSN"<(�jP�R E�T J�T(#¢J�T�JHGe%'!SR)!�~�� E�NFE�L(!S=
N"?�RIT-,-J�� �� z{w � ~B�>:<;>=C=B�F� RI=
T(��% � � R)!
J�!"!�<- }=I# P�EªLM= PS;�=�!SJ� ª=+� E�N<PS;>= Pr\�E�#n=���J&%F }E9#>=�!�KaM JHT(#yKaP$�

� �&� z � � ~�R.!�� NOJ�� PSRIEHT E*�����E;8<�JHN��'!FPS;�J�P5;�J�#>NSE�T>Re��=0RIT�PSEF� ���z�w �� ~�5 � =�<(!l= P�;>=�� EHGIGIEd\�R T-,�?QJ�G)<>=�!y1 iI4E� �&� V�j(X jhY*u
�Sj(X j(2&�':�d� V�j(X qhY8���Sj(X j(2�j(: �&� ���d� V�j(X � i��Sj(X j�u
:<;>=3T9<- -LM=
N�E���E�L(!l=�N�?�=�#¡w � J�M�PD#n=���J&%9!�R.!5Jo� N�Jh�jP�R E�T¢E��6PS;�= PSE�POJ�G�T9<- L�=�N�E*�$w¢J�|a£¤|�l¥�

� V � z�w � J¦M�P_~ � � z�w¢J�| £ | l ~
:<;>=�NS=�� EHN�=

wyx�z�� � � J�|N|a~¤V§� z{� � ��J�|N|N~
¨

\�;>=�NS=

¨ V � � � � � � z�w¢J©|(£¤|ªl7~
�����d� wox�z{w � J¦M�P_~
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:<;>= J�T�J�G)%9!SR.!3R)!yC�=�N�� E�N� }=I#*EHTc#>JQPOJ P�J��H=�Tc\�RqP�;*PS;>=�?�A0B7/�/�#>= PS=I�jP�EHN£LM= Pr\�=
=�T B>=�L>N�<�J�N"% � jhj � J�Ta#S`�=�CnP�=� L�=�N � jhj�q(:
� E�NSN�=�!�CMEHT(#nRIT-, PSE�J�T RIT�P�=�,�N�J�PS=�#¢G)<- }R T>E8!lR Pr% E��>2IY�q$C>Lªl�¸I5
:<;>=v#>JQPOJ'JHNS=p� E�G GI=�� PS=�#s\�R PS; PS;>=�¹�:�\FE��h:cN�Jh���':cNSR),�,�=
N�º-:$\�;>R.�O;±!l=�G =I�jP"!}=�?H=�T�P�!�� EHT�POJ�RIT>R T(, P�N�Jh���bC�J�RIN"!�� Eh }R T-,b� N�E� 

!S=�� E�T(#>JHN�%�?�=
NSPS=BAn=I!�5
?�A0B^<(!l=I!£J¢PS;>N�=
=�� GI=�?�=
G�P�NSR),�,�=
NI5�»�P�¼�N"!lP£G =�?H=�G{: P�;>=�½0B�:¾z =�½5P�NS=� ª=�Ge% B�Jh!�P£:cN�Jh���H=
N�~�NS=I� EHTa!�P�N�<(� P"!3JHT(#0!S=
GI=�� P"! P�N�Jh���'!

\�R PS; PSNOJ�T(!�?H=�N"!S=+ ªEh }=
T�P�<- ¢Ka¿cÀ �¤Á =�[ � �d5»�PFP�;>=+!S=��
EHT(# G =�?H=
G�PS;�=�`9[C:Âz{`nR GIR)�
EHTF[X=�NlP�=BA :cN�Jh���H=�N�~7 }=�Jh!�<�NS=I! P�;>=�P�N�Jh��� R) �C�J�� P>C�J�NOJ* }= P�=
N�!�z�Ã � ~FJ�Ta#F!l=�G =I�jP�!#P�N�Jh���'!C�JHR N�!�� Eh ªRIT-,�� N�E� §!S=��
EHT(#>JHN�%�?�=
NSPS=�A�=I!�L8%¡�B<nPSPSRIT-,�EHTvÃ � 5»�P PS;�=ÀPS;�R N�# G =�?H=�G0JS�
E� �C>GI= PS='=�?�=
T�P NS=I� E�T(!�P�N�<a�jPSRIEHT R.!HCM=
N�� EHN" }=�#�:5JHT(#%PS;�= GI=�?H=�Gy2 JHT(# GI=�?H=�G � N�=�;8<>RIN�=� }=
T�P"! J�N�=
� E�T'¼�N" }=�#�5
/�T�EHN�#n=
N�P�E£G E�Eh��� EHN��¥�� JÄKNM J�T(#+KaPp#>=��
J&%'!�:QPS;�=5R T9?QJ�N�RKJ�T�P¤ �J�!"!XE*�MPSNOJ����oC�J�RIN"!�R.!¥��J�G.�B<>GKJQP�=�#ªL9% Jh!�!SRe,�T>RIT-,CPS;>=� �Jh!�!XE��

PS;�=�P P�E-LME�PS; PSNOJ����'!�5�:<;>=0NS=pJ�!SEHT�R.! P�;�JQP�!�<a�O; J�!"!lR),HT( ª=�T�P� �JdAnR) ªR)�
=I!XP�;>=+!S=�C�J�NOJQPSRIEHT�LM= Pr\�=
=�T�PS;�=�CM=�J��9!#E*��P�;>=�w¢J©|a|
J�Ta# P�;>=�� �� #>=��
J&%'!�RIT¢P�;>=� �J�!"!�!�CM=�� PSN"<- p5
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GI=�� PSRIEHT EhCnPSR) }Re�pJQPSRIEHT ;�J�!FL�=�=
T¡C�=�N�� E�N� }=�#F<(!lRIT-,-PS;>=C=�!lPSR) �JQPSE�N�#n=�¼�T>=I# RIT 1 Z&465 :<;�R)!F=�!lPSR) �JQPSE�N¥C>N�Ed?�R)#>=�! EhCnPSR) �J�G
�B<>P"!�\�;>R.�O; J�N�=+,�E�E9#H� EHN�!SR),HT�JHG� ª=pJ�!�<>N�=� }=
T�P"!<JHT(#F� E�N
!S= PlP�R T(,}JHT¡<(C-C�=�N5GIRe }R P�EHT RqPI5
:<;>=5E�C>PSR) ªR)��J�PSRIEHT};�Jh!XL�=�=
T�CM=
N�� EHN" }=�#};>R.#nRIT-, PS;>=�!lR),HT�JHG>N�=�,HRIEHT}RITªPS;>=0R T9?QJ�N�RIJHT�P� �Jh!�!¤!�CM=��jP�N�<( �JHT(#�<(!lRIT-,£E�T>G)%-=�?�=
T�P"!

\�R PS; =�?H=�TÀPSN�R),�,H=�N�T9<- L�=�N"!�:7R{5 =�5yi�j��®E*�XP�;>=ªPSEHP�J�G�!�J* �C>GI=�5�/�T�� Jh�jPI:�\F=o\�JHT�PCPSE J&?HE�R)#v<a!lRIT-, P�;>=�!SJ� }=o!�J* �C>GI=�� EHN LME�P�;
E�C>PSR) ªR)��J�PSRIEHT J�T(# L�Jh���9,HN�E�<>T(#H�
J�G.�B<�GIJ�PSRIEHTª:-!SR Ta� =�\�=���J�T R T�P�NSE'#'<(�
=3J�!lP�J�PSR.!�P�R)��J�G�L�RIJh!�#'<>=CPSE��(<a�jP�<�JQPSRIEHTa!�5
B>EHN�=�J��O;p!S= P5E*�¤��<nP"!�:nPS;�=�?QJ�G)<>=3E*��PS;>=-L�J����9,HN�E�<�T(# ;�Jh!�LM=
=
T�E�LnP�JHR T�=�# L9%�¼>PlP�R T(,�PS;>=o!lR.#n=
L�J�T(#-!5R T PS;�=£R T9?QJ�N�RKJ�T�P� }Jh!�!

!�C�=I�jPSN"<- J�T(#¢R T�P�=�,HNOJQP�R T(,-P�;>=�¼>PlP�=�#G� <>Ta�jPSRIEHT RIT PS;>=�!SRe,�T�J�G N�=�,�R E�Tª5
:<;>=3NS=I� E�T(!�P�N�<a�jPSRIEHT¢=B�F� RI=
Ta�B%�� E�N<PS;>=�!SRe,�T�J�G ;�J�!<LM=
=
T =�?�JHGe<�JQPS=I#H<a!lRIT-, J���EHT�P�=£?�JHNSGIE(5
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:<;>=�L�Jh���9,HN�E�<>T(#}RIT�P�;>R)!<JHT�J�G)%'!lR.! R.!¥,�Re?�=
T L9%ªPSNOJ�����C�JHR N�!¥\�;�R)�O; Jh���
R)#n=�T�P�J�GIG)% ;�J&?�=�J�T¢R T9?QJ�N�RKJ�T�P¥ �J�!"!¥�
G E8!l=�PSE£P�;>=+ }Jh!�!
E*��PS;�=�� �� zB¹"� Eh -L>RIT�JQP�EHN�RIJHG7L�J����9,HN�E�<�T(#-ºh~#J�T(# PS;�= P�J�RIG�� N�E� 1P�;>=�w·J�|N|p!SRe,�T�J�G65
:<;>=3L�J����9,�NSEh<>T(#�;�Jh!<L�=�=
Tv�
JHG)��<>GKJQPS=I# L9%�¼�PlPSRIT-,}P�;>=3R T9?QJ�N�RKJ�T�P� }Jh!�!�!�C�=I�jP�N�<- J�T(#¢RIT�P�=
N"C�E�GIJ�PSRIT-,}R T P�;>=�!lR),HT�J�G7NS=�,HRIEHTª5

 T>G)% =�?�=
T�P"!�\�R PS; E'#-#¢PSN�R),�,H=�N<T8<( -LM=
N�!�\F=�NS=�<(!S=�#�5
/�T�EHN�#n=
N�P�E�=�?QJ�G)<�J�PS=3P�;>=y!�%9!lPS=� �JQPSR.��<>Ta� =
NSP�JHR T�Pr%G#'<>=3P�E}PS;>=�!l;�J�C�=3E���PS;>= L�J����9,HN�E�<�T(#�:-#nR"!M=�NS=�T�P�� <>T(� PSRIEHT(!�;�J&?H=3LM=
=�T

<(!S=�#�5¥`'<(�O; J�!�%'!�P�=� �JQP�R)� J�!M=I�jP"!�P�;>=3T9<- -LM=
N�E*�7w¢J©|a| =�?H=�T�P�!�<(!S=�#H� EHN�T>E�N� �J�GIR)��JQP�R E�Tª5
:<;>=�?QJ�G)<>=+� EHN<PS;�=3=BA'C�=I�jP�=�# L�J����9,�NSEh<>T(# RIT PS;>=�!SR),HT�JHGMN�=�,�R E�T¢R.!��

��V �h� � �Sq(2
\�;>=�NS=CPS;�=3=
N�NSE�N�RIT(�
Ge<(#>=�!<LME�PS; P�;>=�!�POJQP�R)!lPSR.�
JHG6J�T(#G!�%9!lPS=� �JQPSR.�C=
N�NSE�N"!�5
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`9%'!�P�=� �JQP�R)��<>Ta� =
NSP�JHR T�P�R =I!FE�T PS;>=£Jh��� =�CnP�JHT(� =�� Eh }=�� NSEh 1PS;>=�� E�G GIEd\�RIT-,�!SE�<�N"�
=�!��
� !l;�J�C�=�E*��PS;>=<L�Jh���8,�NSEh<>T(# RIT-P�;>=�!lR),HT�J�G�NS=�,HRIEHT£E���PS;�=FRIT9?�JHNSRKJ�T�P� �J�!"! !�C�=I�jP�N�<- tz R PXJ�!M=I�jP�!6P�;>=<=BA'CM=��jP�=�# L�J����9,�NSEh<>T(#(~B�
� PS;>=3T9<- L�=�N�E*�7w J�|a| N�=��
EHT(!lPSN"<(� PS=�#G#n=I�
J&%'!�R)!�JHG)!SE�J$!7=��jP�=�# L9%�PS;�=�!l;�J�C�= E��cP�;>=3L�J����9,�NSEh<>T(#��
� NS=�GIJ�PSR)?H=�f�NOJ�T(�O;�R T-,CB>NOJ�� PSRIEHT(!�E*�n� � � J¾K&%£JHT(#�� �� JÄKaP$:�!SR T(�
=#P�;>=<Pr\�E+#n=I�
J&%� }E'#n=�!�;�J&?�=FJ�#nR"!M=�NS=�T�P�N�=��
EHT(!lPSN"<(� PSRIEHT
=B�F� RI=
T(��%n�

� #nR'!7=
N�=
Ta� = L�=
Pr\F=�=
T PS;�=3R T9?QJ�N�RIJHT�P> �J�!"!S=�!�C>N�=�#nR.�jP�=�#¢L9%(��E�T�P�=-?�J�N�G E}J�T(#¢N�=�� E�T(!lPSN"<(�jP�=�#¢R T PS;�=�#>JQPOJ-�
� #nR'!7=
N�=
Ta� = L�=
Pr\F=�=
T PS;�=3R T9?QJ�N�RIJHT�P> �J�!"!<N�=�!SEHG)<nPSRIEHT(!>C>N�=�#>R)� PS=�# L9%)��E�T�PS=-?�J�N�G E�JHT(# N�=��
EHT(!lPSN"<(� PS=�#¢RIT P�;>=�#>JQPOJ-�
� <>T(� =�NlPOJ�RIT�PSRI=�!�R T P�;>=�w1J�T(#p����0G Re� = P�Re }=�!��
� #nR'!7=
N�=
T�P+*�=�?H=�G$20P�NSR),�,�=
N<=B�F�
R =�T(� RI=�!�� E�N�= N�E�P�EHT(!�:-,3J�EHTa!�JHT(#G= RIEHT(!�:nL�=I�
J�<(!l= E��cP�;>=�#nR"!M=�NS=�T�P�!�C�=I� Re¼a� RIEHT>R)��J�PSRIEHTª�
� #nR'!7=
N�=
T�P$K ¿ !�CM=��jP�N�Jo� E�N�w1J�T(#G� �� !��
� <>T(� =�NlPOJ�RIT�Pr%�R T PS;�=�fFNOJ�Ta�O;>R T(,�g5J�PSRIE�wyx�z�w·J�M�P_~��
� <>T(� =�NlPOJ�RIT�Pr%�R T PS;�=�C>NSE'#'<a�jPSRIEHT¡� NOJ��jP�R E�T(!<E*�$w J�T(#p� ��d5
/�T¢POJ�L>GI=�/�JHG G7P�;>=�!�%9!lPS=� �JQPSR.�C=
N�NSE�N"!<JHNS=CG R.!lPS=�#ª5
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!l=pJ�N��O;�\�R T(#>Ed\�5�:<;>=�PSEHP�J�G�T9<- -LM=
NFE*� =�?�=
T�P"!XRIT�P�;>=
!SRe,�T�J�G>N�=�,�R E�T
E*��PS;�=� }Jh!�!�!�C�=I�jP�N�<- ®R)!

� Vµ�dZ8�

2 GeV/cππM
4.8 5 5.2 5.4 5.6 5.8 6

2
E

ve
n

ts
 p

er
 1

5 
M

eV
/c

0

50

100

150

200

250 Data

Search window

π p → 0
bΛMC: 

 p K→ 0
b

ΛMC: 

Fit to data outside exclusion region

Fit extrapolated inside exclusion region

�7¡�/ � �px0,}v ��� w ��� 	 ����� z�	 � ���3� � 	lv � ���jw � � � {�z�w � ����v�{�{�	 � �#��!��O�Q	 �O����� �Fw�v ��� �jw � z � !�� ��� �j  � 	 � ��1�	�	��jw � z�� � 	 � ��� � � 	 � �F��v � 	c� � 	 � � �£v ���
� v����p��	 � v
	X �v � ��2 � {�z�wH�jw � � �p� 	 � �31�	 �6��� � ��� v
{q� � � � 	 � �4,ª�p�Q	��5��v � {��3w ��� 	 ���q� z�	 � �p� � � � 	 � ��	  �� ��� �p��v�{�w�� � vj|-�3��wH� � v � �5v ����� 	 � v � | �
��� ���n�Ov% � �ª	 � ��w�v
	lv ��� � � !���� � |-	 � � � �²© 	 ©�� ��!��O�Q	 �O�



i

:<;>=�;8<�J�T�PSR Pr%

� V � z�w¢J¦M�P_~
� z�w¢J�| £ | l ~ V�j(X i�Y�� j-X j*u

;�Jh!<L�=�=
Tv�
JHG)��<>GIJ�PS=I#H<(!SRIT-,ªPS;>=�¼>PSPSRIT-,�C>N�E'� =�#-<>NS=�<(!S=�# RITb1 �I4E5
:<;>=5NOJQPSRIE3LM= Pr\�=
=
T PS;>=5T9<- L�=�N#E���� � ��J�|N| JHT(#ªPS;>=0L>NOJ�T(�O;>RIT-,3NOJQP�R E�wox�z{� � ��J©|a|N~¤#n=�C�=�T(#-!#EHT}PS;�=�T9<- -LM=
NFE*� =�?�=
T�P"!

E*�¤w JL|N|ÀJHT(#¢PS;>= NS=�GIJ�PSR)?H= =B�F�
R =�T(�B% �"� �d��� 5�:<;>=�!S=�?QJ�G)<>=I!5J�N�=3NS=�C�E�NlP�=�# RIT P�JHL>G =y/�/�5�:<;>=� }=�Jh!�<�NS=I#¡?QJHGe<>=-E*��PS;>=-N�J�PSRIE
R.!��

¨ V � z�� � ��J�|N|a~
wox�z{� � � J |a|N~ VRz{q-X � ��2hX j8~��*2�j m

:<;>=3=
N�NSE�NFRIT(�
Ge<(#>=�!�LME�P�;p!lP�J�PSR.!�P�R)��J�G�JHT(#p!�%'!lPS=� �J�PSR.�0=�NSN�EHN�!�5
�
!SR T-,}J�f�J&%�=�!SRIJHTF }= P�;>E'#H<>T�R3� E�N� ]C>N�RIEHN�#nR.!�P�NSRIL-<nP�R E�Tª:9\F=+¼�T(# PS;�JQP�PS;>=�<-C-CM=
N�GIR) ªR P�EHT PS;>= T9<- -LM=
N<E��7!SRe,�T�J�GM=�?�=
T�P"!�U

J�Ta# E�Tpwox�z�� � ��JÄKN|N~�J�N�=CN�=�!�CM=��jP�Re?�=
G)%G�*i J�Ta# � X q�kb2�j-lN� JQP
Yhj�� ?�5 **J�T(#pY8�-J�Ta# � X Y�kb2�j-lN� JQP
Y8i � ?�5 *¤5

¬ �������
	��
��� �(�
� ���

�'= PS;�JHT-� PS;>=ªB>=�N� }RIGIJHL�!�POJ$! J�T(#�PS;>= PS=I�O;>T>R.�
J�G�!lP�J$!�!0E*�XPS;�=yC�JHNlP�R)�
ReC�J�PSRIT-, RIT(!lPSR P�<nP�R E�T(!
� EHN0PS;>=�R N+?�RqPOJ�G�� EHT�P�NSRIL-<nP�R E�T(!�5
:<;>R.!�\FE�N��v\<J�!�!�<-C-CMEHNSPS=I# L9%�P�;>=���5 `n56A0=�C�JHNlP" }=
T�P3E*���#T>=
N",�%ÀJHT(#���JQP�R E�T�J�G¥`-� RI=
T(�
=}B�E�<>Ta#>JQP�R E�Tª��P�;>=�/hP�JHG RKJ�Tb/r!�P�RqP"<nPSE
��J��
RIEHT�JHG =¤#>R�B�R)!SR.�
J���<a� GI=�J�N�=��pP�;>= ��RIT>R.!�P�N�%CE*���¥#'<a�
JQP�R E�Tª:�?�<>GqP"<>N�=�:*`9CMEHNSP"!�:&`'�
R =�T(� =FJ�T(# :c=��O;>T>E�G Eh,�%5E�����J�C�J�Tª�pP�;>=���J�P�<>NOJ�G
`'�
R =�T(� =I!3J�T(#�� T-,�R T�=
=
N�RIT-,¡g�=I!l=pJ�N��O;*?FEh<>T(� RIGXE*�5?�J�T�Jh#>J-��PS;>=���J�PSRIEHT�JHG¥`'� RI=
Ta� = ?FE�<>Ta� RIGXE*�#P�;>=�g�=�C(<>L>GIR)�}E���?F;>RIT�J-�6PS;>=
`9\�R.!�!���J�PSRIEHT�JHG7`'�
R =�T(� =ªB>Eh<>T(#>J�PSRIEHTª��PS;>=�»�5 =�5�`�G E�J�TÀB�E�<>T(#�JQPSRIEHT_��P�;>=of><>Ta#n=�!� }R T>R.!lPS=
N�R)<- Ä���<>N+f�RIG)#-<>T-,H<�T(#ÀB>E�N"!"�O;9<>T-,a:
Á =
N" �J�T9%n��P�;>=+, EHN�=�JHT�`'�
R =�T(� =5JHT(#�� T-,�R T>=�=
N�R T(, B�E�<>Ta#>JQP�R E�TªJHT(# PS;>=�, E�NS=pJ�T�g�=�!S=�JHN"�O;ªB>E�<�T(#>JQP�R E�Tª��PS;>=�=XJHNlP�R)�
G =�= ;9%'!SR)��!
J�Ta#�»
!lPSN�EHT>Eh y%�g�=�!S=�JHN"�O;-?FE�<�T(� RIG�JHT(# PS;�=�g�Ed%�J�Gh`�E'�
R =
Pr%�:���,��
PS;>=>g�<(!"!lRKJ�T£B�E�<>T(#�JQPSRIEHT�� E�N7f<Jh!lR.�$g�=�!S=�JHN"�O;_��P�;>=<?FEh }R)!SR� E�T
/�T�PS=�N� }RIT>R)!lPS=�NSRKJ�G�#n=-?FRI=
T(�
RIJo% :c=�� T�EHGIE�,� ! J(:8`9C�JHR T_�nR TGC�J�NSP�L9%}PS;>=��¤<�NSEhC�=pJ�T ?FEh � o<>T>R Pr%#" !%$�<( }JHTG=�EHPS=�T�P�RIJHG�= N�E�,HNOJ* � }=<>T(#>=
N�� E�T�PSNOJ��jP&$�=¥g&����?�:>� � jhj � � j�j � Y � ��J�Ta# P�;>=�»
��J�#n=� y% E���B�RIT>GIJHT(#�5

' ��(#� � � � ��~��S	#v�{ � ~*)Fz � { � ¡ � � 	 � z�� � ,ª�S	 � ��w ��+�� | �O� ¥#� �O� �-,�.�/ ~�� *p u �j�%* *p�10�� � � � � wH� � ~���	 v�{ � ~2)Fz � { � ¡e� � 	�z�� � ,ª��	 � ��w �3+6� | �O� ¥F� �O�
�5426*7 ~n�� u �O�p�����10n� � � � �p~H��	Fv
{ � ~ +6� | �O� ¥F�&! � � 62, ~���%*�� u �O�p�p�p�10 +7� �98:8 � ~���	#v
{ � ~*)�z � { � ¡e� � 	 � z�� � ,ª�S	 � ��w ��+�� | �O� ¥#� �O� �;42<*7 ~
�O�� u �j�������10 ��� �����<�7¡�¡��<��	�� � 	�� �#� � �l� � ��� v�{��<� ��� �p�}¥#�O�n� � 	j~���� � � � {qv �>=?+ z �>= � �A@����p� = �

' �B( ¡ � �<z�� � ��	 8 ~*C �2+�� | �O� � �%� u �j�p�p�p�<� �
� �
' �D( � � ¤�z � Hz� �q� ��	Fv�{ � ~ +�� | �O��± �S	�	 � � 42E>F u �O�p� �p� ���� = � *p� �
' ��( ¥ � ,ª� � v
��	lv0��	Fv�{ � ~ +�� | �O� ¥#�&! �8 <24 x �p
�����H� u �����H� � �
' �B( V µStj¶ µSa shg#³ m�´l[\¶ dOoqµ�³cY�¸
¹l¶\d�¹ ~ �>�-�6� wH�O{��£v�� µS[Xmpoqi ~ +6� | �O��± ��	�	 ��� 6*G2, u �������Q� �
' �D(3/ �*+ z�� 8 � ~
 ���	 � � � 8 v
	 � ���}� � � �Ov ���l� � � � � � ����  ��� �p��v
{ � ~n� � | �����O� @����p� *�� ���H~�H�IJI�KMLONJNDPAPJPMQOR�SAT
UDVWQOXDSJYZNDK>[�NDKJH�\
[AUJ]�[ANA^J_A^�`J^JaJ_ �
' B(3/ � + z�� 8 � ~ � � ³�´�sjdlµ�µ�f
¶Kk�r�¹cbp¼�k�fedlk�[eµS´Sk�m�[\¶ s�k�mpo�¿6s�kOgjµS´�µSk�dlµCs�k�f<¶�r YHbhg�k>µS´\r�¸C³�Y�¸
¹�¶ d�¹�ihd
¿�f�g6³ ½�¾�j ~ u �������Q�


